W e performed a prospective study using MRI in 16 consecutive infants with a mean age of 5.2 months (2.7 to 8.7) who had shown inadequate recovery from an obstetric lesion of the brachial plexus in the first three months of life, in order to identify early secondary deformities of the shoulder. Shoulders were analysed according to a standardised MRI protocol. Measurements were made of the appearance of the glenoid, glenoid version and the position of the humeral head.
Children with an obstetric lesion of the brachial plexus (OLBP) may develop a secondary deformity of the shoulder. These lesions predominantly affect the upper roots or trunk. This results in muscular imbalance around the shoulder with paralysis of the abductors and external rotators and relative overactivity of the internal rotators. 1 As a result, a characteristic secondary deformity develops consisting of a flexion and internal-rotation contracture of the shoulder with a posterior subluxation of the humeral head. 1, 2 The prevalence of these deformities varies, and is influenced by the cohort studied and the definition and method of investigation used. Based on a population study in Sweden 3 about 25% of children born with an OLBP have signs of persistent clinical abnormalities of the upper limb. Waters 4 found that an internal-rotation contracture of the shoulder developed in 38 children in a consecutive cohort of 66. In another study using CT or MRI, 5 secondary deformities were found in 36 of 94 children.
In most children with an OLBP, improvement of the neurological deficit can be expected within the first year of life. 1, 3, 4 The primary neurological lesion may lead to the development of secondary structural deformities of the shoulder, which may persist despite neurological improvement and may increase the functional impairment caused by a residual neurological deficit. Detailed knowledge of the factors influencing the development of secondary deformities of the shoulder in OLBP infants is not available. Most studies have been based on children with OLBP over one year of age. 1, [5] [6] [7] Few data are available concerning secondary deformities of the shoulder in infants. In a recent study using CT-scan imaging, 8 secondary deformities of the shoulder were described in infants under the age of 12 months. Although CT scanning offers detailed images of bony structures, it is less suitable for the predominantly cartilaginous shoulder of infants. MRI is superior in this respect. In order to assess the prevalence of secondary deformities of the shoulder we undertook a prospective MRI study of the configuration of the bone and cartilage of the shoulder in infants with OLBP under 12 months old.
Patients and Methods
Our prospective study was based on a group of infants who were under consideration for neurosurgical reconstruction because of inadequate neurological recovery in the first three months of life. Between August 1998 and November 1999, 17 affected shoulders (six left, nine right and one bilateral) in 16 consecutive infants (nine boys, seven girls) of mean age 5.2 months (2.7 to 8.7) were evaluated. In all children, both shoulders were examined by MRI. The severity of the neurological deficit was classified according to the system of Narakas 9 (Table I) . These 16 children were a subgroup of 43 infants with OLBP seen during the study period at our hospital. In order to assess the damage to the cervical roots of the brachial plexus we performed MRI studies (Siemens Magnetom 1.5 T Vision; Siemens, Erlangen, Germany). 10 The children were sedated with pethidine, droperidol and chlorpromazine given intramuscularly. They were monitored by ECG, oxygen-saturation measurements and video. The MRI investigation involved both shoulders, which added 15 minutes to the scanning time. All parents consented to this additional investigation. A Fast Imaging with Steady-State Precession (FISP) three-dimensional pulse acquisition sequence (time repetition, 25 ms; time to echo, 10 ms; flip angle 40°) with 1.5 mm partitions was used to visualise both shoulders. Measurements were made in the axial plane, at the mid-glenoid level.
Three established methods of measurement were used:
1) The appearance of the glenoid was classified qualitatively as concave-flat, convex or biconcave according to Birch 1 ( Fig. 1 ).
2) The glenoid version angle as described by Friedman, Hawthorne and Genez.
11 This is the angle between the line connecting the base of the anterior and posterior labrum and that connecting the middle of the glenoid and the medial margin of the scapula (Fig. 2a) . By definition 90°w ere subtracted from the above-described angle to determine the angle of glenoid version. A negative value indicated a retroverted glenoid.
3) The subluxation of the humeral head was measured, using a modification of the method of Papilion and Shall, 12 by assessing the angle between the line from the medial margin of scapula to the midpoint of the glenoid and that from the midpoint of the glenoid to the centre of the humeral head, as determined by Mose circles (Fig. 2b) .
In ten patients retroversion of the humeral head was measured as suggested by Scaglietti 13 using MRI of the shoulder and elbow. In six infants a complete set of images was not available and this measurement was not possible. All measurements were made on images in digital format using post-processing software (Radworks 4.0; Applicare Medical Imaging BV, Zeist, The Netherlands). The statistical significance of the difference between the pathological side and the normal side was tested using parametric tests for quantitative data and Fisher's exact test for nominal observations. One patient (case 15) was excluded because of bilateral involvement.
Results
All MRI studies were of adequate quality. There were no complications related to the sedation. Table II gives after one year, yielding similar findings. Only the first MRI was used in this study.
The appearance of the glenoid on the affected side was normal in seven shoulders and abnormal in ten, of which seven were convex and three biconcave (Figs 3 and 4) . tion of the humeral head increased with age. The influence of age became apparent when we compared infants younger than five months with those who were older. In infants below five months, a normal appearance of the glenoid was found in five of seven shoulders on the affected side. The glenoid version and subluxation of the humeral head on the affected and normal sides did not differ significantly. In older infants, however, the appearance of the glenoid was qualitatively normal in only two of ten shoulders. This was significantly different when compared with the subgroup of younger infants (p = 0.05). In addition to this subgroup, glenoid version and subluxation of the humeral head were significantly different compared with the unaffected side (p = 0.02 and p = 0.008; Table III ). In the ten infants measured by the method of Scaglietti 13 there was no significant difference in retroversion of the humeral head between the affected and normal sides.
Discussion
Since the publication by Fairbank 2 in 1913, numerous studies have described secondary deformities of the shoulder in children with OLBP. 1, [5] [6] [7] [8] 14 Most of these studies, however, are in children over 12 months old. Previous studies of shoulder deformities in infants with OLBP under 12 months old have used either clinical findings only 2 or imaging techniques which are less suitable for the analysis of the largely cartilaginous infant shoulder. 1, 6, 8 As a result, a precise understanding of subtle early deformity in the shoulder is lacking. Our prospective study of infants under the age of 12 months was carried out to investigate possible early deformity. We did not intend to perform a longitudinal study.
Our study shows secondary deformity in the cartilaginous structure of the shoulder in the first 12 months, a finding not well covered by the current literature. It was found that the appearance of the glenoid was abnormal, glenoid version was altered, and subluxation of the humeral head was present in those infants who were five months or older. This confirmed a recent study 8 using CT scanning which found an increased retroversion of the glenoid and subluxation of the humeral head in infants with OLBP. Pearl and Edgerton 7 differentiated four classes of deformity of the shoulder based on their arthrographic appearance. By contrast, in our study, several patients showed a convex glenoid, a class not described by these authors. Two factors may explain these differences. First, in our study the oldest child was 8.7 months, whereas in their study the youngest patient was 2.1 years. Secondly, some of the abnormal glenoids which appeared flat and retroverted in their study may have represented a convex retroverted glenoid with an oblique projection. We were also unable to differentiate between their classes of bioconcave and pseudo glenoids. In our study, only children with persistent neurological deficit were selected for imaging. We think that secondary shoulder deformities do not only occur in patients with this severe type of lesion. This opinion was supported by most of these infants who had a delay of more than two months in recovery of biceps function. We found no evidence to support the hypothesis of some authors 13, 15 that secondary deformities of the shoulder in these children are caused by a fracture of the proximal humeral epiphysis leading to increased retroversion of the humeral head. Our findings indicate that secondary deformities of the shoulder develop early in life and probably depend on the amount and duration of the muscle imbalance. Secondary deformities of the shoulder are present in most infants with OLBP after the age of five months. Although increased retroversion or a convex glenoid may be remodel, it seems unlikely that spontaneous reduction of a posterior-subluxion of the head of the humerus and restoration of a bioconcave glenoid can occur with time. MRI, by revealing both the damage to the nerve roots and the anatomy of the shoulder, will allow analysis of the neural, bony and cartilaginous structures in the younger child.
